Introduction
The role of scientific innovation is noted widely in policies targeting economic growth in the United States. Strategies concentrated on innovation are highly focused on science, technology, engineering, and mathematics (STEM) fields, which hold high potential for economic gains and growth from commercialization of innovations.
1 However, the effectiveness of policy to promote scientific innovation and economic growth relies on the broad participation of both men and women in all key steps on the path to commercialization; in STEM, the path begins with education and training in STEM fields and continues through STEM entrepreneurship and the development of intellectual property.
Despite the importance of participation across genders, evidence suggests that a gap exists between men and women in their engagement in STEM activities through their educational and professional careers. A review of the literature reveals that in general, women are underrepresented among students pursuing STEM education. 2, 3 This gender gap persists in relation to entrepreneurial performance, where men-owned businesses outperform those owned by women in terms of firm survival, sales, profit and employment, across sectors. 4, 5 There also exists evidence of a gender gap in successful commercialization of research and development investments; this gap widens for firms operating in STEM fields. 6 The literature offers two, potentially complementary, frameworks to explain the frequency with which women pursue STEM training and engage in commercialization in STEM firms. The first suggests that internal motivations, driven by personal preferences, prompt women to pursue training and professional work in fields other than STEM. Some studies suggest that women may pursue STEM commercialization activities less frequently than men because these fields are not perceived as contributing to research with socially-meaningful outcomes, a work characteristic that women tend to prioritize in career choice. 7 The second framework suggests that external exogenous barriers discourage women's participation in STEM training and entrepreneurship and limit women's commercialization outcomes. 8 External barriers include limitations to accessing financial capital for education or entrepreneurship, gender discrimination, limited access to important networks, or hierarchical and rigid institutional structures, which lack network-oriented features demonstrated to benefit women. 9,10 These obstacles may affect women's educational and career decisions at various stages of their development. In this vein, women's experience in STEM fields' scientific career progression has been likened to a "leaking pipeline", in which the barriers that women face hinder them from moving forward to progressive stages in their career, such as leading the commercialization of discoveries. These frequent "leaks" may limit the number of women working in STEM at senior levels and may additionally hold implications for women's commercialization outcomes over their career cycle.
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This report presents an examination of innovation among women in STEM fields by identifying gaps in their entrepreneurial outcomes and highlighting future opportunities for policy improvements. First, it presents results of a descriptive data analysis using data from 2015 American Community Survey (ACS) and U.S. Census Bureau's 2007 and 2012 Survey of Business Owners (SBO). This empirical analysis compares characteristics and outcomes of women and men entrepreneurs in STEM fields; women entrepreneurs in STEM and non-STEM fields; and self-employed women and women in wage/salary employment in STEM fields. The empirical analysis employs two proxies for entrepreneurship based on availability in the data: selfemployment in examining ACS data and business ownership in examining SBO data. Furthermore, it focuses on commercialization of scientific innovations in its initial phase: the creation of intellectual property.
Second, the report examines prior research and policy literature related to women's entrepreneurship and commercialization outcomes in STEM fields. Together, the literature review and data analysis identify and explore important themes related to women in STEM, including the prevalence of STEM entrepreneurship among women, the role of STEM education in STEM entrepreneurship, characteristics of owners and firms that are actively engaged in STEM entrepreneurship and their commercialization outcomes. Finally, the report discusses policy recommendations related to the women's education, entrepreneurship, and commercialization in STEM, identified through the literature review and policy scan to illustrate policy implications of the analysis findings.
Identifying STEM Entrepreneurs in Empirical Analysis
Identifying STEM Fields
A key methodological decision in the empirical analysis undertaken in this study is the identification of STEM workers and entrepreneurs. As an acronym, STEM covers the fields of science, technology, engineering, and mathematics. The National Science Foundation uses a broader definition of STEM, which also includes social sciences, and STEM education and learning research. Although these definitions clearly link to academic disciplines, how they map to workers and jobs is less well-defined. For the purpose of this study, STEM workers and entrepreneurs were identified based on the STEM occupational classification developed by the Standard Occupational Classification Policy Committee (SOCPC). SOCPC's guidelines identify life and physical science, engineering, mathematics, information technology, and social science occupations as STEM occupations and architecture and health occupations as science-and engineering-related, using 2010 Standard Occupational Classifications (SOC) occupational codes to define occupations.
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In this study's treatment of the ACS, STEM workers and entrepreneurs are identified as individuals working in STEM or science-and engineering-related occupations, excluding social science occupations. The decision to exclude social science occupations was driven by the goal to focus on occupations with greater potential for commercialization activity. 2010 SOC codes used in SOCPC's STEM occupation definition were then mapped to Census Bureau occupations using the crosswalk developed by the Census Bureau.
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In the analysis of SBO data, STEM fields are identified based on industries with relatively high concentrations of STEM occupations. 14 Specifically, industries, defined at the two-digit North American Industry Classification System (NAICS) code level and in which the share of employment in STEM occupations is above the national average of 5.8% are identified as STEM. This methodology identifies the following three industries as STEM-intensive (percentage of total employment in STEM occupations given in parentheses): Professional, scientific, management and administrative and waste management services (17.5%), Information (14.2%),
and Manufacturing (12.1%). Public administration (9.7%) also falls above the national average; however, the SBO is not administered to firms in this industry, given its largely private firm orientation.
The decision to identify STEM fields based on two-digit NAICS codes was driven by the fact that SBO data includes information on industry only based on two-digit NAICS codes and no information on occupation. Furthermore, reliable crosswalk with which to identify STEMintensive industries by Standard Occupation Classification (SOC), provided by the U.S. Census Bureau, is also only available at the two-digit level. 15 This definition of STEM, however, has certain limitations. In particular, at the aggregate two-digit NAICS code level, industries that are identified as STEM have workers in non-STEM occupations. Yet, the comparative analysis of businesses and business owners in these industries relative to other industries are informative of the trends related to STEM businesses and business owners.
In the analysis of SBO data, only concentrations of STEM occupations alone, instead of STEM and STEM-related occupations, are used in defining STEM-intensive industries. Considering the broader share of STEM and STEM-related occupations in industry employment yielded Educational services, and healthcare and social assistance as an additional STEM-intensive industry. In this industry, there is a large gap between the share of employment in STEM occupations (3%) and the share of employment in STEM and STEM-related occupations (25.7%). Therefore, many working in this industry may not fit a narrow definition of STEM suited to our commercialization focus; rather, they may be employed in supporting or service roles, such as teachers or social workers.
Identifying Entrepreneurs
The empirical analysis uses two proxies for entrepreneurship based on availability in the data.
In the analysis of ACS data, entrepreneurs are identified based on self-employment in the job in which they spend the highest number of hours in the last week. This definition covers selfemployment in both incorporated and unincorporated businesses. Unincorporated businesses are sole proprietorships and partnerships. 16 Furthermore, this definition includes all selfemployed individuals regardless of their ownership share in the business.
In contrast, the SBO data analysis focuses on primary business owners who have a plurality ownership in a business (i.e. more than any other single owner in a business even if it is less than 51% ownership share). 17 If multiple plurality owners exist, primary business owners are identified as those that work the highest number of hours in the business and work in a function that provides a good or service, a function most central to the production of commercial output. The use of both ACS and SBO data sources allows for the juxtaposition of the two classifications for business owners: those who identify as self-employed based on the job at which they work the highest number of hours spent, as identified through use of the ACS, and those that identify as primary business owners with the highest stake in the firm, as identified through use of the SBO.
This primary business ownership definition employed in the analysis of SBO data offers advantages over using the standard ownership definition, in which owners must hold a majority stake (51% share of ownership) in the firm. Using this alternative definition of primary ownership captures a greater population of business owners than the one that would be captured under the stricter majority stake ownership definition. It not only includes business owners with the highest ownership share, which may be less than 51%, but it also includes those multiple plurality owners with evidence of significant involvement in the creation of the firm's innovative product. The primary business ownership definition used in the current analysis identified a single primary owner in 71.5% of the firms in the survey. In the remaining 28.5% of the firms, it identified multiple owners as primary owners, where no firm owner held a plurality ownership, worked a majority of hours among other owners, or responded that they provided goods or services, where other owners did not.
Analysis of SBO data draws on data from two rounds, conducted in 2007 and 2012, that offer advantages and limitations for our analysis. 2007 SBO data is available as a micro dataset with individual observations, which allows us to apply our definition of business ownership based on plurality ownership and stake in the business in the analysis. 2012 SBO data offers timelier analysis and is also the first SBO survey to include questions about intellectual property outputs. While examining multiple time periods gives some comparative insight, our analysis is limited by public data availability. Specifically, 2012 SBO data is available only in aggregate form, which requires the analysis to be based on the standard majority ownership definition.
STEM Entrepreneurship Among Women
An important first step in examining commercialization among women entrepreneurs is to understand women's entrepreneurial decisions, particularly the decision to become an entrepreneur. Using data from the 2015 ACS, this report analyzes women's propensity to become self-employed in STEM fields, and how it compares to (1) men's prevalence in STEM self-employment and (2) women's participation in STEM fields in wage/salary employment.
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This descriptive analysis not only provides contextual information for examining women's commercialization activities in STEM but may also reveal preliminary patterns and insights related to women's self-employment and commercialization outcomes in STEM fields.
Comparison of self-employment rates in STEM fields based on ACS data reveals that men are roughly twice as likely to be self-employed in STEM fields relative to women (Table 1) . Selfemployed men in STEM make up 0.8% of the population of employed men whereas selfemployed women in STEM constitute 0.4% of the population of employed women. This gender gap widens when the definition of STEM occupations is narrowed to eliminate STEM-related occupations. Self-employed men are more than twice as likely to be employed in STEM-only occupations than self-employed women (0.36% vs. 0.14% as shown in Appendix Table A1 ).
This difference in STEM self-employment rate between men and women is driven by two underlying patterns. First, in general, women are less likely to be self-employed than men. The self-employment rate is 7.3% among women versus 11.3% among men (Table 1) . Second, among self-employed individuals, women are less likely to work in STEM fields compared to men. Of the self-employed women, 5.9% participate in a STEM field compared to 7.1% of selfemployed men (Table 2) . Distribution of entrepreneurship across STEM occupations varies between men and women, suggesting that both internal motivations and external forces may encourage women's entrepreneurship to a greater extent in certain STEM fields (Table 3) . Women who choose to be self-employed in STEM occupations work predominantly in health occupations (e.g., physicians, dentists, physical therapists, opticians) (77.8%). The distribution of the selfemployed women population across the remaining STEM occupations varies substantially, with 13.1% in computer and mathematical occupations, 6.7% in architecture and engineering, and 2.4% in life and physical sciences occupations.
While these general patterns hold for self-employed men in STEM fields, there are differences in the distribution across fields. Self-employed men in STEM are almost twice as likely to be in computer/mathematical occupations and almost three times as likely to be in architecture/engineering occupations relative to self-employed women in STEM. On the other hand, they have a smaller representation in health occupations (52.6%) relative to women who are self-employed in STEM fields (77.8%). 
The Role of STEM Education and Training
Central to understanding the gender dynamics of entrepreneurship and commercialization in STEM fields are factors motivating participation, including STEM education and training. To better understand the relationship between STEM education and STEM entrepreneurship, this report presents an examination of fields that people employed in STEM occupations studied during their undergraduate education. The undergraduate degree fields are classified into the following seven groups based on Siebens and Ryan (2012) : science and engineering, scienceand engineering-related, social sciences, business, education, arts/humanities, and other. Science and engineering fields include computer science, computer and information systems, mathematics, and statistics, biological, agricultural, and environmental sciences, physical and related science, social sciences, engineering among others. Science-and engineering-related fields include, for example, nursing, architecture, and mathematics teacher education.
The analysis findings reveal several key features of the relationship between STEM education and STEM entrepreneurship. First, the majority of self-employed men and women in STEM with at least a bachelor's degree have received a bachelor's degree in science, engineering or related fields (Table 4) . However, relative to men, self-employed women in STEM are less likely to have received a bachelor's degree in science, engineering or related field in their undergraduate education (31.5%+31.5%=63% vs. 58.7%+14.3%=73%). Therefore, a larger share of selfemployed women in STEM, relative to similar men, consists of individuals with an undergraduate degree that is not related to science or engineering. A similar pattern is also evident among wage/salary workers in STEM; however, the difference between men and women in terms of their undergraduate fields is more pronounced among the self-employed in STEM. The lower prevalence of undergraduate STEM education among self-employed women in STEM relative to men may reflect different pathways that women may take into STEM entrepreneurship. For example, self-employed women in STEM who study a non-STEM-related field in college may be more likely than men to receive graduate degrees in STEM fields. Among examples of moving from a non-STEM undergraduate field to a STEM graduate field are individuals who earn undergraduate degrees in literature or history who go on to medical school or earn other graduate degrees in healthcare. Alternatively, women who do not receive a formal education in STEM may be more likely than men to build their STEM expertise through informal or on-the-job training prior to starting their businesses. Our finding of lower prevalence of undergraduate STEM education among self-employed women in STEM relative to men suggests that these alternative paths may be more prevalent for female entrepreneurs relative to male entrepreneurs. Further empirical research is needed to determine the extent to which these alternative explanations hold.
Second, self-employed women in STEM are less likely to have a science, engineering, or related degree compared to women STEM wage/salary workers (63% vs. 69.2%). This finding underscores the relative importance of graduate degrees or informal STEM training among selfemployed women compared to women in wage/salary employment. Furthermore, compared to self-employed women in STEM, women working in STEM wage/salary employment have a lower frequency of receiving a science and engineering degree and a higher frequency of receiving a science-and engineering-related degree.
A review of the literature reveals that in general, women are underrepresented among students pursuing STEM educations. This gender-based gap has been identified consistently in primary and secondary education, documented by programs targeting girls' K-12 involvement.
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However, this gap is most often identified at the undergraduate level, where data on majors and course selection is collected more systematically, and when students pursue distinct degrees by subject. 20 Furthermore, women who pursue STEM educations do not, on average, attain equally high degrees as men. For example, men receive more STEM or STEM-related doctoral degrees than women. 21 Women that complete STEM degrees are also less likely than men to work in careers or sectors that draw on STEM-relevant skillsets.
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Among students of color, lower prevalence of women pursuing STEM education is even more marked and may represent a critical area of underutilized human capital. Ong et al. (2011) argue that the extant underrepresentation of women of color in STEM too often relies on the false notion that minority women are not interested in STEM educations and careers. 23 An examination of undergraduate women of color in STEM fields argues that minority women students are more likely to complete STEM majors when external assurances are present; degree completion increases when minority women students are engaged with a supportive collegiate environment, with strong academic peer relationships and research program involvement. 24 Examining female African-American students specifically, programs that promote the psychological readiness of students, or preparedness to work in a field in which individuals of similar backgrounds are few, to conduct research in non-minority-dominated fields have been demonstrated to be effective. 
American Community Survey Analysis Results
The analysis of 2015 ACS data reveals differences between self-employed men and women in STEM as well as between self-employed women in STEM and non-STEM fields. First, the results show that self-employed women in STEM are slightly younger than self-employed men in STEM (49 vs. 52). Second, they are less likely to be married compared to self-employed men in STEM (67% vs. 76%).
While the frequency of graduate degree holders is similar between self-employed men and women in STEM (57.0% vs. 58.8%), it varies across different graduate degrees (Table 5) . Women who are self-employed in STEM are more likely to hold a master's degree relative to self-employed men in STEM. However, they are less likely to hold a professional or doctoral degree compared to self-employed men in STEM. Furthermore, bachelor's degrees are less prevalent and high school and associate's degrees are more prevalent among self-employed women relative to self-employed men in STEM. The results also show that self-employed women in STEM are more likely to be non-white compared to men who are self-employed in STEM (20.9% vs. 16.8%) ( Table 6 ). Asians make up the largest non-white group among both women and men who are self-employed in STEM (11.9% and 10.7%). Women who are self-employed in STEM fields are also more likely to be black or African American (5.2% vs. 3.2%) or other race (3.8% vs. 3.0%) relative to men. Furthermore, a greater percentage of self-employed women in STEM are Hispanic relative to men (6.5% vs. 5.5%). Compared to self-employed women in non-STEM fields, self-employed women in STEM fields are older (49 vs. 48) and more likely to be married (67% vs. 61%). As explained above, however, the average age and likelihood to be married among self-employed women in STEM is lower than that for self-employed men in STEM. The analysis results reveal large differences between STEM and non-STEM women entrepreneurs in terms of educational attainment (Table  7) . The majority of self-employed women in STEM fields (57%) have a graduate degree while 13% of self-employed women in non-STEM fields have a similar degree. In contrast, more than half of self-employed women in non-STEM fields have at most a high school degree (including some college) (55.6%) while only 14.45% of self-employed women in STEM fields have similar educational attainment. These findings underscore the important role that higher education plays in STEM entrepreneurship. Racial distribution of self-employed women in STEM and non-STEM fields reveals that the prevalence of minority entrepreneurship is similar in both groups (Table 8) . Among selfemployed women in STEM, 20.9% are likely to be non-white compared to 19.8% among selfemployed women in non-STEM fields. However, the racial break-up within minority entrepreneurs differs between the two groups. In particular, self-employed women in STEM are almost twice as likely to be Asian compared to self-employed women in non-STEM fields (11.9% vs. 6.3%). On the other hand, women who are self-employed in non-STEM fields are almost twice as likely to be of other race compared to self-employed women in STEM (7.3% vs. 3.8%). Furthermore, self-employed women in STEM are less likely to be Hispanic compared to self-employed women in non-STEM fields (6.5% vs. 15.5%). 
Survey of Business Owners Analysis Results
Tables 9 through12 summarize the characteristics of firm owners and firms based on SBO data of single-owner firms using the adapted, plurality business owner definition described above. The Appendix includes results of additional analysis that examines joint-ownership firms (e.g. firms with multiple plurality owners that work the same hours and both provide goods and services), as well as results of analysis that use the standard business owner definition of 51% ownership. Table 13 uses the standard majority owner definition, based on 51% ownership, to explore commercialization outputs.
The analysis of SBO data reveals significant differences in educational attainment and previous entrepreneurial experience between men and women in STEM fields, echoing themes found in the education and training literature (Table 9 ). Male owners of single-owner businesses more often hold advanced degrees than women in all industries, a disparity that increases in graduate degrees (i.e. Master's, Doctorate) among STEM fields, in particular. Across genders, entrepreneurs in STEM fields attain higher educational degrees than owners in non-STEM fields, highlighting the importance of education and training in STEM entrepreneurship. Further, men owners are also more likely, across STEM and non-STEM businesses, to have previously been self-employed or owned their own business than women owners. In STEM and non-STEM fields, previous entrepreneurial experience is less common among female business owners than male business owners. Examining racial and ethnic background among owners of single-owner businesses identifies more white business owners, in STEM and non-STEM fields, than minority business owners (Table 10) . Interestingly, Black, Asian, and Hispanic women own a greater proportion of STEM firms than men STEM business owners of the same race. Men and women business owners of non-STEM firms more often identify as racial or ethnic minorities than owners in STEM fields, a trend that is particularly pronounced among black women. Further, trends in owner age reveal a slight gender gap; at later ages (age 55 and above), men-owned businesses are more prevalent than women-owned businesses in both STEM and non-STEM fields. However, at younger ages (age 25-44), STEM and non-STEM business owners are somewhat more likely to be women than men. 
Business Characteristics and Performance of Women-Owned STEM Businesses
Business characteristics drawn from the 2007 SBO data suggest that on key firm performance indicators, such as number of employees, payroll and receipts, men-owned businesses show significantly higher figures than do women-owned businesses (Table 11 ). In both STEM and non-STEM fields, men-owned businesses, on average, employ nearly three times as many employees than women-owned businesses. Using number of employees as a proxy for firm size, other firm-level performance indicators, such as payroll and receipts, follow a similar trend. While men-and women-owned STEM businesses have a higher average payroll than non-STEM businesses, men-owned businesses, regardless of STEM status, have higher payroll and receipts than women-owned businesses in similar fields.
Women-owned businesses are more likely to have been established for a shorter period of time than men-owned businesses, in both STEM and non-STEM fields. In particular, this variation is greatest among businesses operating for 18 years or more. The sharp disparity in years of firm ownership by gender suggests that several dynamics may be at play. First, women business owners may face fewer barriers to firm start-up and entry in recent years compared to 15 or 20 years ago. Second, women starting businesses 15 or 20 years ago may have faced greater barriers to survival than those starting more recently, and did not continue to operate into 2007. A widely cited barrier to business entry and survival is access to start-up and expansion financing. The analysis of 2007 SBO data suggests that the role of financing in motivating successful entrepreneurship and commercialization may further explain existing gender gaps, as the disparity is quite marked, particularly among women-owned firms in STEM. The majority of all respondent businesses rely on less than $5000 in start-up capital, the lowest funding category included in the survey questionnaire; however, women-owned single-owner businesses in STEM are most likely to rely on this funding category (Figure 1 ). Men-owned firms are more likely to use higher levels of start-up funding slightly more often than women-owned firms, in both STEM and non-STEM firms. At start-up funding levels above $5000, the disparity in funding by gender becomes apparent. Among STEM and non-STEM men-owned firms, non-STEM firms are more likely to receive start-up funding at all higher levels of funding than STEM firms. Among female owners, STEM firms see the gap in likelihood to receive start-up funding most markedly from all other firm owners beginning at the $100,000 -$249,999 level, while the gap emerges prominently for women-owned non-STEM businesses at the $250,000 -$999,999 funding level. Start-up funding sources, to some degree, also highlight disparities between men-and womenowned businesses. Men-owned businesses, in STEM and non-STEM fields, are consistently more likely to rely on or gain access to a bank loan to fund start-up than women-owned businesses (Table 12) . This is notable, as bank loans typically give advantages over other personal funding sources, such as credit cards or personas loans, in that they are associated with lower interest rates and lower personal financial risk. Expansion capital sources further highlight the gender disparity in access to bank loans, as men-owned firms, in STEM and non-STEM fields use bank loans to finance expansion at more than twice the rate of women-owned firms. Men-owned firms in both STEM and non-STEM fields are additionally more likely to use business profits to fund expansion than women-owned firms; however, STEM firms, broadly, are more likely to use business profits to expand than non-STEM firms. 
Commercialization Among Women-Owned STEM Businesses
Using data from the 2012 Survey of Business Owners, the report also examines a firm's intellectual property ownership as an important indicator of commercialization behavior. The analysis takes into account the behavior of filing and receiving intellectual property as the first critical step in the commercialization process, which is followed by the licensing of proprietary innovations. Thus, the analysis results presented below characterize the role of gender in a key initial phase of commercialization.
The commercialization-focused analysis draws on 2012 SBO data and the same approach to identifying STEM fields by two-digit NAICS codes as the one used in analyzing 2007 SBO data. However, to define the gender of firm owner, a Census Bureau classification which identifies the owner as an individual holding at least 51% of the firm is adopted. In firms where no individual majority owner is identifiable, firms are classified as equal-ownership. SBO data further identifies firms that hold at least one piece of a type of intellectual property (e.g. trademark, patent), but does not provide information on the intensity of intellectual property production (e.g., number of patents held by a single firm.) Table 13 summarizes the trends in intellectual property outputs of STEM and non-STEM firms.
In all measures of commercial licensing (e.g. patenting, trademarking, copyrighting) a distinct gender gap exists within STEM firms. Accordingly, men-owned firms are significantly more likely to hold at least one piece of intellectual property than women-owned firms (Figure 2 ). This stands in stark contrast to men-and women-owned non-STEM businesses, which show virtually no gap between firm ownership of intellectual property. Further, examining intellectual property ownership additionally favors STEM industries. STEM businesses are more likely to hold intellectual property, generally, than non-STEM businesses. STEM businesses are also more likely to own copyrights, followed by trademarks and patents granted. Within STEM businesses, fewer men-and women-owned businesses own at least one patent or have a patent pending than other forms of intellectual property. While studies related to commercialization are more limited than those focused solely on entrepreneurship, they identify a clear trend that women are less likely than men to commercialize or patent innovations. Worldwide, men continually patent more frequently than women, a gap which has decreased only slightly since the 1970s. 26 As the descriptive analysis suggests, this trend may have important implications for the economic outcomes of women, and particularly women entrepreneurs in STEM fields and their firms. Future analyses of commercialization among women in STEM would benefit from improved data collection on commercialization outcomes and their inclusion in publicly available, nationally-representative microdata, two factors which limited this paper's data analysis.
While many analyses, including this report's, evidence this gender disparity in commercialization, systematic comparative studies of the commercialization gap in different disciplines have not been conducted and several studies point to heterogeneity in outcomes across some fields. In the medical sciences, one study suggests little evidence of a gender gap persists, as women may simply be less likely to report patenting and commercialization activity in the same volume as men. 27 Studies of patenting in the academic life sciences find that while women produce fewer patents, this may be a generational trend, most prevalent among senior faculty.
28
Demonstrating the size and existence of the gender gap in commercialization outcomes is important to motivating applied research, but understanding the potential causes of the gap may further aid in developing exact policy solutions to target the disparity. The literature cites both individual and external influences as critical in defining the commercialization gap. These draw on gender differences in education and training, work preferences, and discrimination faced professionally.
Most often, studies identify the most influential predictor of this gap as lower levels of prior experience with commercialization among women than men. 29,30 Blume-Kohout (2014) shows that this may begin early in a woman's STEM career. She finds that female engineering PhD students are less likely to enroll in programs with and gain access to industry-funded R & D opportunities as men, which significantly influences their future patenting behaviors.
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Studies examining women-owned firms' performance, often measured in revenue or firm size, similarly link this gender gap to a disparity in exposure to commercialization behaviors. Specifically, findings link women's firm performance to a lack of previous experience in and with the commercial sector, less common training in engineering-specific disciplines, and fewer women in "patent-intensive" jobs. 32, 33 However, most widely studied is the role of limited financial access on women-owned firms' entrepreneurial performance, which identifies discrimination and limitations in access to funding networks and high cost of capital. Further, organizational dynamics and associated incentive structures may also play an important role in influencing women's commercialization efforts. Overall, scientists working in industry see a smaller gender gap in patenting and commercialization than in academia. Studies suggest that this gap decreases in industry due to organizational incentives and resources, such as bonus structures and promotions that reward commercialization activities. 37 Academia stands in contrast to industry in that little incentive is given to commercialization and in the academic tenure process, in particular.
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Institutional dynamics between academia and industry may also affect women's patenting outputs uniquely, affecting women who have children. A study of patenting among women scientists with and without children in academia and in industry suggests that patenting outputs of women in industry were not affected by their decision to have children, while, in academia, women with children were less likely to patent at the rate of women without children. 39 The authors suggest that this "motherhood gap", the disparity in commercialization output once a woman has children, further underscores the significant role of organizational incentives and dynamics.
Findings suggest that network-oriented, non-hierarchical organizational structures -in academia or in industry -may also decrease the disparity across genders in patenting. 40 SmithDoerr (2004) finds that regardless of academic or industrial setting, gender equality in the workplace may be easier to achieve in smaller work environments with network-oriented structures, as compared to hierarchical institutions. Hierarchical organizational dynamics may provide structures that hide existing gender bias.
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Further, some suggest that that identifying a gender disparity in commercialization measured by the volume of patents may fundamentally favor men. Whittington et al. (2005) Sociological Perspectives, 47(1), women and men in the life sciences in both industry and academia and find that while male scientists may produce more commercial output than their female counterparts, women may produce patents of higher quality and impact. 42 Patent quality and impact is measured by the number of other patents that cite the innovation, a metric shown to be highly correlated with the value of an innovation. The authors suggest that looking beyond a simple count of patents and looking more closely at its societal and scientific value may better distinguish the value of women in commercialization.
Policy Recommendations Identified in Literature Review and Policy Scan
The significance of the gender gap in STEM is salient in the discussions of practical solutions to decrease it, from educational participation in K-12 to patenting activities of women scientists. Through a review of scientific literature and policy discussions, we summarize these proposed solutions on a variety of levels, including recommendations for legislative action and programmatic best practices. The majority of these recommendations are organized around central objectives of increasing women and girls' participation in STEM educations, supporting women's inclusion in STEM commercial activity, boosting commercial outputs among women academics in STEM, and improving opportunities for further research in this field.
Increasing Women and Girls' Participation in STEM Education
Concentrated policy efforts targeting women and girls' STEM education center on participation and target future gains in the STEM gender gap. At a policy level, recommendations include legislative allocation of funds for programs targeting STEM pathways for female and minority students and targeting higher education preparation for these groups, increasing industry participation in STEM-support programs for women, and increasing collaborative resources for multiple agencies involved in crafting early STEM curricula. 43, 44 The Institute for Women's Policy Research suggests encouraging state-level education agencies to monitor the access and outcomes of women in technical education programs, in particular those that are high-skill, high-wage, and not traditionally pursued by women, as is mandated in the Perkins Act.
participation. 46, 47 Resources examining the application of Title IX in STEM suggest targeting university Title IX coordinators to include STEM disciplines in compliance reviews.
In the classroom and on campus, policy recommendations center on practical offerings for underrepresented students in STEM. Suggestions specifically focus on reducing known barriers to women and minority students, including creating inclusive networks through mentorship, a challenge that many minority women face in developing careers in STEM. On the institutional side, for minority and non-minority women, policy recommendations focus on developing curricula that emphasize real-world problems and the applied nature of STEM careers, boosting paid internship programs to increase professional experience of women in STEM, and increasing visibility of women and minority role-models working in STEM fields. 
Improvements to Commercial Outputs Among STEM Women in Academia
Policy recommendations specific to women who work in academia, distinct from industryemployed counterparts, focus on tenure award decisions. Specifically, recommendations advocate that tenure decision criteria include commercialization-oriented criteria. If tenure criteria prioritized commercialization activities, it follows that women academics may be more likely to pursue commercialization behaviors and outputs. The focus on tenure decisions targets individual researchers' commercialization incentives and differs from historical policies, such as the Bayh-Dole Act of 1980. The Bayh-Dole Act took a broad stance on engaging academia in commercialization, by allowing universities to patent research from federally-funded programs, but its impact remains unclear.
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Other policy recommendations focused on academia involve the use of university technology transfer offices as a powerful mechanism to reduce gender discrimination. Specifically, a white paper produced by the Association for Women in Science suggests that implicit bias training and increased outreach to women-dominated fields may be important in supporting academic commercialization efforts from a psychological perspective. 
Conclusions
This report presents an examination of women's entrepreneurship and commercialization in STEM through descriptive data analysis and literature review. Its findings highlight differences between men and women entrepreneurs in STEM fields as well as differences between women entrepreneurs in STEM and non-STEM fields in terms of owner and business characteristics. These differences suggest that women entrepreneurs in STEM fields may face unique challenges or may experience the effects of certain challenges disproportionately relative to men. Further, minority women may face steeper and somewhat different challenges to pursuing careers and commercial success in STEM fields than other women.
Prior research has identified external factors in each career stage, starting with STEM education and on-the-job training through business formation and operation, that affect commercialization among women. Individually, each stage represents a critical opportunity for leveraging the potential of women and girls in STEM. Taken together, this pipeline demonstrates the considerable breadth of the challenge of decreasing the commercialization gap.
There is still a need for further research to better understand the determinants of commercialization and why they may have differential effects on women and minority entrepreneurs in STEM. An immediate limitation in this research effort is the lack of data sources that allow researchers to simultaneously identify entrepreneur and business characteristics and measure the quality and quantity of their commercialization outcomes. Therefore, enhancing data sources to permit rigorous empirical analyses of commercialization outcomes is an important step for future research that is needed to inform policy-making.
Future research, empowered by improved data for analysis, should investigate the relative roles that various internal and external factors play in explaining commercialization outcomes among women entrepreneurs. A better understanding of the determinants influencing women's entrepreneurial choice and commercialization outcomes is key for the development of effective and targeted policies that will allow the U.S. economy to reach the full potential of STEM fields.
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